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Abstract

Introduction: Obesity is a disease that is closely associated with deleterious respiratory effects such as the Obesity Hy-
poventilation Syndrome which conventionally includes awake hypercapnia. There are studies addressing the detection of 
daytime hypercapnia with the patient either in sitting or standing position. However, there are no studies in obese subjects 
with a normal daytime PaCO2 in whom the detection of hypercapnia is made in the supine position. It is feasible that the 
physiopathological changes that occur in obese patients when they adopt the supine position lead to increased PaCO2 
levels or hypercapnia. Objective: To determine the levels of PaCO2 in obese patients with a normal daytime PaCO2 in the 
supine position using arterial blood gas test. Methods: Fifty patients with BMI > 30 Kg/m², with a normal daytime PaCO2 were 
included. Daytime arterial blood gas test was performed first with the patient in a standing position along with pulmonary 
function test. A second arterial blood gas test was made 15 minutes after the patient adopted the supine position. Polisom-
nography was performed. Results: Mean BMI was 40 kg/m2. PaCO2 levels in the standing position were less, statistically 
significant, than the PaCO2 levels in the supine position, 30.7 ± 2.5 mmHg vs 35.6 ± 6.7 mmH, p < 0.001. Conclusions: We 
can achieve an early detection of Obesity hipoventilation syndrome in obese patients with a normal daytime PaCO2 by per-
forming the arterial blood gas test in the supine position before these patients develop severe complications. (Gac Med Mex. 

2016;152:542-8)
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Introduction

Today, one of worldwide health main challenges is 
obesity. Mexico and the USA are the two countries with 
the highest world-wide prevalence of obesity in the 
adult population (30%), with this proportion being ten 
times higher than in countries such as Japan and Ko-
rea (4%)1. 

From the physiological point of view, the presence 
of obesity impacts on respiratory mechanics especial-
ly in the supine position, owing to the sum of effects of 
gravity itself, which causes for abdominal viscera to 
project onto the diaphragm and, by compressing the 
chest, decrease respiratory muscles’ efficacious move-
ment, tidal volume (TV), forced vital capacity (FVC) and 
functional residual capacity (FRC) which, combined, 
produce hypoxemia and hypercapnia2,3. 
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In addition, the chest wall distensibility is also al-
tered, which is associated with decreased expiratory 
reserve volume (ERV), FRC and maximum voluntary 
ventilation (MVV), which clearly explain the presence 
of hypercapnia in the supine position4. 

In the year 2001, Berger, and later Akashiba5,6, de-
scribed the factors that contribute to the presence of 
hypercapnia in the obese patient, with restrictive-type 
alterations standing out, as well as increased body 
mass index (BMI), which play an important role in the 
evolution of obesity hypoventilation syndrome (OHS), 
so that gas exchange is frequently altered when the 
supine position is adopted7,8.

These physiological mechanisms are responsible for 
airway closure and alveolar collapse, which increase 
ventilation/perfusion alterations and shortcuts with differ-
ent degrees of severity, which range from their absence 
in the simple obese subject to being severe in alveolar 
hypoventilation, with observed differences being more 
pronounced with regard to gender, as mentioned by 
Sahebjami et al.9, who described that a PaCO2 increase 
in obese women without any other pulmonary patholo-
gy is less important than in men with similar ages and 
BMI. The explanation given on the subject is that, most 
probably, this is due to adipose tissue different distri-
bution, which in women occurs mainly subcutaneously, 
whereas in men, its distribution is visceral.

In addition to these differences, Resta et al.10 as-
sessed in 2004 daytime PaCO2 and its possible rela-
tionship with the presence of obstructive sleep apnea 
syndrome. They found that 10% of obese women had 
daytime hypercapnia, that most of them were postmeno-
pausal and had worst results on respiratory function tests, 
but they did not determine their alterations by placing the 
patient in the supine position, and its possible implica-
tions, which is a situation that has not been document-
ed and that, in case of being corroborated, would be 
helpful to detect the disease at initial phases. Therefore, 
we hypothesized that even in the absence of daytime 
hypercapnia, the presence of a PaCO2 elevation when 
placing the obese patient in the supine position might 
suggest the presence of OHS at early stages. 

Methods

A descriptive, prospective, observational study was 
carried out with a recruitment period from May 1 to Oc-
tober 30, 2013, and after the protocol was approved by 
the Mexican Institute of Social Security (IMSS – Instituto 
Mexicano del Seguro Social) Scientific and Ethical Com-
mittee. The population was comprised by those patients 

attending the sleep clinic of the Pulmonology Depart-
ment from the La Raza National Medical Center of the 
IMSS, Mexico. All subjects who were interested in par-
ticipating granted written informed consent previously.

Patients

Patients were older than 18 years, from both gen-
ders, with a BMI ≥ 30 kg/m2, PaCO2 30 ± 4 mmHg (at 
Mexico City’s 2,240-meter height above the sea level), 
as determined with arterial blood gas analysis at rest.

Patients with central nervous system disorders, neu-
romuscular conditions, kidney failure, musculoskeletal 
conditions and chronic neuropathies were excluded. 
Patients who developed underlying cardiopulmonary 
conditions deterioration were withdrawn. 

Measurements

All patients were applied the Epworth questionnaire 
and underwent history taking and physical examina-
tion. A first daytime blood gas analysis was performed 
using a GEM Premier 3000 Instrumentation Laboratory 
gasometer, with the patient in the sitting position, with-
out supplementary oxygen being applied; the proce-
dure was carried out after the radial artery was applied 
Allen’s test11, and the following parameters were mea-
sured: pH, PaCO2, arterial oxygen pressure (PaO2) and 
oxygen saturation (SaO2).

Respiratory function tests were carried out using a 
Flowmate spirometer, with FVC, forced expiratory vol-
ume in one second (FEV1) and the FEV1/FVC ratio 
being determined according to the American Thoracic 
Society (ATS) spirometry criteria12. Laboratory tests 
such as blood count, blood chemistry and serum elec-
trolytes and thyroid function tests were carried out, as 
well as imaging studies such as chest X-ray and an 
electrocardiogram to rule out cardiorespiratory pathol-
ogy. Subsequently, the patients were scheduled for 
hospitalization in the sleep clinic of the pulmonology 
department at the same hospital. 

At admission to the hospitalization area, patients 
were measured the neck circumference at the level of 
the cricoids cartilage, as well as height and weight, 
and according to these results, BMI and the Mallam-
pati grade were determined13.

Interventions

After having rested for 15 minutes in the supine po-
sition, the patients were taken the 2nd arterial blood 
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sample. Subsequently, the polysomnographic study 
was carried out, which lasted 9 hours, a period during 
which the following data were obtained: sleep efficacy, 
micro-awakening index, apnea-hypoapnea index, 
awaken and asleep average saturation and leg move-
ment index13. The patients who were discharged at-
tended the outpatient clinic where both the polysom-
nography and the blood gas analysis results were 
provided. 

Statistical analysis

The statistical analysis was carried out using STA-
TISTICA® 6.0 for Windows. The results were present-
ed as means ± standard deviations (SD) and medians 
for patients’ general characteristics and paired 
t-tests were used to compare the PaCO2 and PaO2 
daytime and supine position levels, respectively. In 
addition, variables were examined by means of lin-
ear and logistic regression analyses. Differences 
were considered statistically significant at a p-value 
< 0.0514.

Results 

General aspects

Fifty patients were included, out of which 3 were 
excluded owing to the presence of bronchial hyperre-
activity. The final study group was comprised by 47 
subjects. Average age was 50 ± 11.9 years (32 to 83). 
Thirteen patients (23%) were 60 years’ old or older. 
Gender distribution was 55.3% (26) males and 44.7% 
(21) females. Average BMI was 40 ± 8.4 (31-66.6) kg/m2. 
Most common obesity degree was grade II in 53% of 
the subjects. Mallampati grade IV was the most fre-
quently found, in 87% of the studied patient group. 
Epworth scale averages were 15.8 ± 6.7.

Table 1 shows clinical and demographic character-
istics of included patients.

PaCO2

PaCO2 levels in the standing position were statisti-
cally lower than those obtained in the supine position 
(30.7 ± 2.5 mmHg vs. 35.6 ± 6.7 mmHg, respectively; 
p < 0.001) (Figs. 1 and 2). In a multivariate correlation 
model, obese patients with increased PaCO2 in the 
supine position are predicted to concomitantly have 
obstructive sleep apnea-hypopnea syndrome (OSAHS) 
(p = 0.01) (scatter plot).

Table 1. Population characteristics

Mean SD

Age (years) 49.8 11.0

Gender 
 Males (n) 26
 Females (n) 21

BMI (kg/m2) 40 8.4

Neck (cm) 44.7 5

Epworth (pts.) 15.8 6.7

FEV1 (%) 83.7 15.5

FVC (%) 86 15.8

FEV1/FVC ratio –1.6 7

Daytime PaCO2 (mmHg) 30.7 2.5

Supine PaCO2 (mmHg) 35.6 6.7

Daytime PaO2 (mmHg) 61.5 9.3

Supine PaO2 (mmHg) 60 11.8

Sleep efficiency (%) 89 10

Micro-awakening index 42.8 23.2

Apnea-hypopnea index 53.8 36.6

De-saturation index 59.7 40.5
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Figure 1. PaCO2 levels in the standing position were statistically 
lower than those obtained in the supine position (30.7 ± 2.5 mmHg 
vs. 35.6 ± 6.7 mmHg, respectively; p < 0.001), which suggests the 
effects of obesity on respiratory mechanics and, in turn, of it on 
PaCO2.
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Figure 2. PaCO2 levels in the standing position were statistically lower than those obtained in the supine position (30.7 ± 2.5 mmHg vs. 
35.6 ± 6.7 mmHg, respectively; p < 0.001).

In addition to the above, as neck circumference and 
age increased, PaCO2 in the supine position was also 
found to increase in the bivariate analysis (p = 0.005 
and P = 0.008, respectively). 

PaO2

PaO2 levels in the standing position were higher than 
those obtained in the supine position when logistic 
regression was used, with OHS patients who have 
PaCO2 elevation in the supine position being found to 
have a PaO2 decrease of 11.9 units in comparison with 
those without OHS (Fig. 3). 

Obesity and sleep disturbances

We found OHS in 57.45% (27) of patients, and out 
of these, 48.9% (23) were associated with OSAHS. On 
the other hand, a relationship of OHS with severe 
OSAHS was found in 64.2%, with moderate OSAHS in 
7% and with mild OSAHS in 19%. As BMI increased, 
the de-saturation index was also found to increase in 
the linear regression analysis (p = 0.001).

In addition to the above, grade II obesity was asso-
ciated more frequently (58.6%) with OHS, followed by 
grade III obesity, which occurred in 41.3%. Of note, 
these patients with grade II and III had FVC within 
normal parameters. In patients with OSAHS, mi-
cro-awakening index average was 43 ± 22.7/h, ap-
nea-hypopnea index average was 53.8 ± 36/h and 
de-saturation index average was 63 ± 42/h.

Obesity and respiratory  
function tests

FVC average was 86 ± 15.8%, and FEV1 average 
was 83.7 ± 15.5% (Table 1). 

In patients with grade II obesity, respiratory func-
tion tests revealed more commonly obstructive type 
anomalies (68.7%), and in grade III obesity, the ob-
structive pattern occurred with the same frequency 
than the restrictive pattern. As PaCO2 increased, 
FEV1 was found to decrease by means of linear re-
gression (p = 0.008), as well as with increasing BMI, 
FVC and FEV1 were found to decrease (p = 0.000 and 
p = 0.001, respectively).
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Discussion

Obesity is with no doubt closely associated with del-
eterious respiratory repercussions, such as OHS, 
OSAHS and upper airway resistance syndrome.

In our study, the results demonstrated that, in 
obese patients with alveolar hypoventilation, the de-
tection of hypoxemia predicts the possibility for the 
patient to have supine position hypercapnia, and 
that patients with normal PaO2 are less likely to de-
velop hypercapnia. Similar data were reported by 
Leech et al.15, who conducted a prospective study 
including 111 patients, out of which 41 had hyper-
capnia. These investigators detected the importance 
of daytime chronic hypoxemia as a parameter pro-
ductive of daytime hypercapnia severity; i.e., those 
patients with daytime hypoxemia will be more likely 
to develop more severe degrees of daytime hyper-
capnia. This is due to obesity affecting chest disten-
sibility and respiratory muscles’ efficient movement, 
which leads to alveolar hypoventilation, which in turn 
is characterized by occurring with hypoxemia and 
hypercapnia.

In addition to the above, it is important taking into 
consideration the repercussions of obesity on respira-
tory function tests. Thus, in our patients we corroborat-
ed that, in subjects with alveolar hypoventilation, as 
obesity and PaCO2 increased, FEV1 and FVC de-
creased due to the chest distensibility reduction pro-
duced by interference of the adipose tissue weight on 
the respiratory muscles and chest wall.

Similar results were demonstrated by Marcus et al.16, 
who reported, in a cohort of Japanese-Americans with 
an age average of 54 years, that the degree of obesi-
ty had a significant negative relationship with FEV1, 
i.e., as the degree of obesity increased, the FEV1 was 
decreased, since in obese patients the diaphragm is 
found at a higher position due to the displacement of 
viscera towards the chest, which results in a FRC de-
crease17. In addition, VEF1 is decreased owing to an 
increase in airway resistance, with this FEV1 reduction 
also being found in most our patients with grade II 
obesity (68.7%), without previous pulmonary pathology 
or history of risk factors such as smoking.

It is well known that the frequency of obesity is in-
creasing, and it is closely related to OSAHS. In our 

Figure 3. Repercussion of ventilation/perfusion abnormalities and shortcuts present in patients with alveolar hypoventilation of obesity, which 
cause for PaO2 levels to decrease when changing from the standing to the supine position, with a statistically significant difference (p < 0.05).
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patient population, OSAHS was found to be present in 
89% of obese subjects: 51% in males and 38% in fe-
males; similar data were reported by Dixon18, who 
found the relationship of obesity and OSAHS in 90%, 
48% in males and 38% in females, as a consequence 
of the combination of several alterations that lead to 
obstruction at the level of the pharynx. 

The neck circumference measurement is an anthro-
pometric measure of obesity that indirectly shows fat 
centripetal distribution, which is widely correlated with 
the presence of OHS, and this in turn with OSAHS 
severity.

We consider neck circumference increase to be 
highly useful as a predictive value for the presence of 
OSAHS, as other investigators do, and this phenome-
non is mainly due to a collapse of the airway by extrin-
sic compression19,20, which was previously observed 
by Shelton and Horner22,23, who studied the volume of 
adipose tissue adjacent to the upper airway by means 
of imaging studies, especially by magnetic resonance 
imaging23-25, and found a direct relationship between 
adipose tissue volume and the degree of OSAHS.

Other method that serves as a guide to obtain infor-
mation on the degree of obesity is the BMI. A close 
relationship has been described to exist between the 
degree of respiratory disturbances during sleep and 
BMI, as shown in different studies, such as the one 
carried out by Schwartz et al.24, whereas in other stud-
ies such as those by Shelton and Horner22,23, and that 
are related to the results exposed in the present inves-
tigation, no correlation was found between BMI and the 
presence of OSAHS and OHS; this is due to the fact 
that our sample size was 50 patients and that obser-
vations made for this purpose had not sufficient 
strength from the statistical point of view, and this was 
one of the main limitations in our study.

Another important finding was the presence of se-
vere OSAHS that predominated in 45.2% of all obese 
subjects. Young et al.25 estimate that, in the general 
population, mild OSAHS occurs in 20%, but in obese 
patients, the prevalence increases to 60%-90% with 
more severe degrees of the disease. 

It should be noted that OHS overlap with OSAHS in 
our study was 60%, which is significantly higher than 
the results obtained by Resta et al.26, who found it to 
be 36%. This is due to the fact that, in our observations, 
PaCO2 was determined in the supine position, which 
increased the percentage of disease; in addition, when 
classified into obesity degrees, the severe grade was 
the most associated, in up to 68% of patients, with 
similar results with regard to severity in the group of 

obese subjects with OSAHS. Therefore, we can con-
clude that obese subjects with important degrees of 
weight gain will experience this syndrome26-28. 

The presence of obesity is known to impact on re-
spiratory mechanics, especially in the supine position, 
owing to the sum of effects that of gravity itself, which 
makes for abdominal viscera to compress the chest 
through the diaphragm and decrease respiratory mus-
cles’ efficacious movement, as well as chest distensi-
bility and TV, FVC, FRC and FEV1, which, together, 
lead to hypoxemia and hypercapnia. This is why, in our 
study, the prevalence of hypercapnia in obese patients 
in the supine position with normal daytime PaCO2 is 
increased in up to 57%, which are figures not compa-
rable with those in other publications that focus exclu-
sively on daytime measurements, which rise by up to 
36%3,7,15,28, with the explanatory phenomenon being 
precisely the gravity phenomenon produced by the 
standing position, which is why the adipose tissue 
weight or respiratory muscles functionality do not have 
the repercussions they have in the supine position. This 
is an observation of an unquestionable value, since it 
strongly suggests that those obese patients with nor-
mal morning PaCO2 that rises when they are placed in 
the supine position will develop OSAHS.

Therefore, it is possible making a critical judgment 
of a predictive nature with a simple test that is afford-
able to different institutions such as blood gas analysis, 
with samples taken in two positions, i.e., standing and 
supine position, and opportunely detecting patients 
with OHS before other factors generate it, and it also 
determines the need not only of an exhaustive search 
for other possible risk factors, but the initiation of pre-
ventive management in a multidisciplinary fashion by 
modifying and controlling the metabolic, nutritional and 
respiratory status. Finally, patients with OHS with hy-
percapnia in the supine position, if not controlled or 
treated, are likely to be those who will evolve and in-
crease the prevalence of OSAHS. Although our results 
and conclusions may be controversial, they open the 
door for other researchers to investigate with broader 
sampling and to ratify or rectify our observations.

Conclusions

− Opportune detection of OHS can be accomplished 
by placing the obese patient in the supine position 
in those patients with prior daytime normal PaCO2, 
before clinically more severe anomalies occur.

− The presence of OHS increases the prevalence of 
OSAHS.
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− Neck circumference is a predictor for the pres-
ence of alveolar hyperventilation of obesity.
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